Objective: To compare performance on EC301 battery calculation task between aphasic subjects and normal controls of the same sex, age, and education. Method: Thirty-two aphasic patients who had suffered a single left hemisphere stroke were evaluated. Forty-four healthy volunteers were also selected. All subjects underwent a comprehensive arithmetic battery to assess their numerical and calculation skills. Performances on numerical processing and calculation tasks were then analyzed. Results: Aphasic individuals showed changes in their ability to perform numerical processing and calculation tasks that were not observed in the healthy population. Conclusion: Compared with healthy subjects of the same age and education level, individuals with aphasia had difficulty performing various tasks that involved numerical processing and calculation.
. The literature suggests that mathematical calculation performance can be damaged in cases of dementia, dysfunction, and/or brain injury 3, 4 and that such patients have difficulties with verbal, spatial, memory, and executive function abilities [5] [6] [7] [8] [9] [10] . Aphasic patients are more likely to exhibit mathematical difficulties, particularly in tests involving numerical transcoding, Arabic spelling, and oral Arabic 3, 5, 11 . The pattern of errors for a large sample of aphasic patients was analyzed, and the most severe impairment in calculation ability was found in global aphasics. Patients with Broca's and Wernicke's aphasias performed similarly in quantitative terms, while patients with anomic aphasia exhibited fewer difficulties in making calculations 12 . Many observed numerical processing problems may also arise from other, nonlinguistic impairments frequently found in left hemispheric patients, including attentional deficits, short-term memory problems, or difficulties in monitoring complex sequences.
Considering the numerical and calculation skills acquired throughout life, Leonhard 13 hypothesized the existence of three cognitive styles that adults use to perform calculations. Such a hypothesis suggests the existence of three groups of individuals, each predominantly using one of these styles. The first group would contain people who automatically calculate aloud, using the linguistic representations of numbers, as waiters do when working out a bill. The second group would contain individuals who perform calculations in silence, as if there were a "mental page" on which the numbers are recorded and then calculated. The third group comprises individuals who calculate using visual diagrams that constitute their system of representing numbers, such as engineers and architects.
Whereas numerical processing and calculation can be performed in three different ways, there may be higher correlations between language and calculation for cultures in which mathematics is primarily based on verbal learning. As the technique for learning mathematics in Brazil is based on an oral code, language could be involved in processing the mathematical code for the Brazilian population; aphasic individuals would thus hypothetically be more susceptible to changes in number processing and calculation.
This study aimed to compare the performance of aphasic individuals and healthy controls on a comprehensive arithmetic battery.
METHOD
The data analyzed in the current study were collected in accordance with the Research Ethics Committee of UNIFESP, protocol no. 0346/04. All patients signed informed consent forms prior to participation.
To analyze the specific difficulties encountered in numerical processing and calculation tasks among the aphasic group, we compared the performances of aphasic adults and healthy controls on specific calculation tasks.
For the control group, 44 volunteers were selected (74% female). The average education duration was 8.5±4.1 years, and the average age was 40.6±16.0 years. For the aphasic group, 32 patients (37% female) who had suffered a single left hemisphere stroke were evaluated. The mean age of the patients was 51.4±13.7 years, and the mean education duration was 8.0±5.2 years ( Table 1) .
The general inclusion criteria were: no history of alcoholism or drug use; no use of psychotropic medications, except for atypical neuroleptics; and the absence of visual or auditory impairments that might affect test outcome. The control group consisted of individuals who were accompanying patients, family members, or friends.
This study included patients who had suffered a single left hemisphere stroke. Illiterate patients were excluded from the study, as were patients who presented with motor difficulties that prevented them from performing the tasks. All patients selected for the study were right-handed and were assessed at the Acquired Neurologic Disturbances of Speech and Language outpatient unit. All subjects were evaluated by a neurologist and underwent brain magnetic resonance imaging. Among the aphasic patients, 10 (32%) had a lesion in the left parietal region, 9 (28%) in the frontal-temporal-parietal, 3 (9.4%) in the left temporal, 6 (18.5%) in the left frontal-temporal, 3 (9.4%) in the left temporal-parietal-occipital, and 1 (3.15%) in the left parietaloccipital region. Furthermore, 16 (50%) had anomic aphasia, 3 (9.4%) had conduction aphasia, 4 (12.5%) had Broca's aphasia, 1 (3.15%) had transcortical sensory aphasia, 5 (16%) had mist aphasia, and 3 (9.4%) had global aphasia.
All patients underwent an evaluation of their calculation skills using the EC301 calculation battery. This battery is reputed to be the most frequently used method of assessing calculation abilities in adults [14] [15] [16] and contains 13 different tasks ( 31 subtasks; Table 2 ): (1) counting; (2) dot counting; (3) transcoding; (4) arithmetic signs; (5) number comparison; (6) mental computation; (7) estimating the result of an operation; (8) number positioning on an analog scale; (9) writing down an operation; (10) written calculation; (11) perceptive estimation of quantity where subjects must estimate the weight, length, or number of objects shown in a picture; (12) contextual magnitude judgments; and (13) numerical knowledge.
Considering the numbers stimuli it was not necessary to translate the battery.
Statistical Analysis
The chi-squared (X 2 ) test (without the Yates' correction) was used to compare categorical data. Differences between the means of continuous data were tested using parametric and nonparametric tests. These tests, without exception, showed similar results; thus we have reported only the parametric test results. We used the Student's t-test (t) for independent samples and the Mann-Whitney U test for representative nonparametric samples. Women were chosen as a reference group for the categorical variable.
A p-value ,0.05 was considered to indicate statistical significance. All analyses were calculated using the statistical package SPSS (Statistical Package for the Social Sciences). 
RESULTS
There were no statistically significant differences between the control and aphasic groups when comparing their years of schooling (see Table 1 ) (8.5±4.1 vs. 8.0±5.2 years; 95% CI=-1.7 to 2.6; t(74)=0.439; p=0.662). However, those in the control group were significantly younger than those in the aphasic group (40.6± 6.0 vs. 51.4± 3.7 years; 95% CI=-17.7 to -3.7; t(74)=-3.06; p=0.003) and had a higher proportion of women (74% vs. 26%; X 2 =8.90; p=0.003). Table 2 and Figure 1 show that the performance of patients with aphasia was significantly worse than that of the control group on subtests C1, C2, C3, C9, C10, C11, C12, C13, C14, C15, C16, C17, C19, C20, C21, C22, C26, C27, C28, C29, and C30 from the EC301 battery test.
DISCUSSION
The most important finding of this study is that aphasic individuals performed differently than healthy controls on numerical processing and calculation tasks. The association between aphasia and acalculia was not obvious, considering that case reports have shown two areas of dissociation between calculation and language: intact language functions and impaired calculation 17 , and, contrastingly, good calculation abilities despite severe language problems 18 . The use of the EC301 battery test on healthy subjects and those diagnosed with aphasia was intended to provide an assessment of numerical processing and calculation after a brain injury. The task performance of stroke patients demonstrated that lesions in the left hemisphere had a deleterious effect; consequently, all aphasic patients may suffer the same negative effect in most numerical processing and calculation tasks. Table 2 compares the performance of the two groups on various subtests. Although the groups differed in age, we do not consider that this difference affected the results because there were no elderly subjects in our sample, and there is no evidence of cognitive changes at these ages 19 . Certain points should be considered when explaining the poorer performance of aphasic patients. We found that aphasic patients had difficulties performing subtest C1 (oral number counting). Counting serially (automatic range) in threes, in tens, and in reverse order (back to front) requires praxis skills and prior learning 20 .The fact that all tasks were altered suggests that the inferior performance of the aphasic patients resulted not only from speech apraxia, which is commonly found in aphasic patients 21 who sometimes have difficulty controlling the programming of their buccolaryngo-pharyngeal speech movements, and this gives the impression that they struggle to produce the intended sequence of sounds. They also have difficulties with verbal counting and learned numerical concepts 16, 21 . Differences in subtests C16 (naming arithmetic signs aloud) and C17 (writing arithmetic signs under dictation) were also observed when comparing the control group with the aphasic patients. In this study, we predicted the occurrence of asymbolic acalculia 22 , where sign changes or naming failures were directly related to semantic changes and anomalies that are commonly found in aphasics.
Differences between the aphasic and control groups were also found in comparisons of magnitude, where the patient had to choose the larger of two numbers written orthographically (Table 2, Figure 1 ; subtest C19). This result may be related to difficulties in reading figures or understanding quantities expressed by numerals 3, 23 . During the test, patients were often guided by the extension of written numbers rather than their magnitude. Subtests C20 (resolution of oral calculations) and C21 (resolution of graphical calculations) also revealed differences between the groups. The aphasic patients had lower scores on the simple mental operations of addition, subtraction, multiplication, and division, presented both orally and graphically (Figure 1; C20, C21 ). The aphasic patients performed better in simple addition tasks than on subtraction and multiplication. However, they performed significantly worse on multiplication tasks than on subtraction and division tasks. This result can be explained by the way multiplication rules are learned, e.g., in multiplication tables using verbal cues or rhymes, a training method commonly used in Brazil. This does not occur in operations that are less systematically studied, suggesting that multiplication rules are stored at a phonological level, thus producing greater impairment in patients with brain injuries 24 . However, visuospatial interference cannot be ruled out, especially in solving graphical computations comprised of more than one digit, in which arithmetic rules are directly involved.
In evaluating written calculations of greater complexity, we observed significant differences between the control and aphasic groups for subtests C26 (solving addition calculations), C27 (solving subtraction calculations), and C28 (solving multiplication calculations), i.e., in all operations (Table 2, Figure 1 ). Calculations of higher complexity using specific operational properties were more difficult for aphasic patients to perform; these included summation of decimals, recovering previously memorized numerical facts, counting on fingers, counting from the value of the first summand, and estimating 22 . Furthermore, as multiplication calculations may involve successive additions, and division calculations may involve successive subtractions, these necessary rules of decomposition and grouping could also explain the inferior performance of aphasics in these operations.
We also investigated the performances on addition, multiplication, and subtraction operations when arithmetic rules, such as regrouping, borrowing, and visuospatial organizing, were involved. Given the difficulties encountered in these tasks, we suggest that a failure to activate calculation procedures and arithmetic rules in aphasic patients is most likely to occur because these processes are related to regrouping rules (i.e., when the sum of an addition yields a value greater than 10 and that value must be regrouped and summed with the number to its left), borrowing rules (i.e., when the number to be subtracted from the numerator is smaller than the denominator), and visuospatial rules (i.e., for multiplication tests with more than two digits, in which the numbers must be grouped below the predecessor for the sum to be carried out properly). Changes in understanding and lexical and graphical difficulties, both commonly found in aphasics, may also affect performance on these tasks 23 . Furthermore, difficulties in working memory can also interfere with the regrouping and borrowing tasks 24 involved in addition, multiplication, subtraction, and division calculations, as there may be changes in executive functions, principally attention. In such cases, memory often depends on the central executive, which is the center that regulates receiving and storing information. Conversely, both subtraction and division can be resolved using a visuospatial sketch pad 25 . They therefore do not require verbal components for their execution and are solved with less difficulty by aphasics, who typically have more difficulty in the phonological field. C2  C3  C4  C5  C6  C7  C8  C9  C10  C11  C12  C13  C14  C15  C16  C17  C18  C19  C20  C21  C22  C23  C24  C25  C26  C27  C28  C29  C30  C31 Controls Aphasics * * * * * * * * * * * * * * * * * * * * * When comparing the two groups, significant differences were also observed in three further tests (Table 2, Figure 1 ; subtests 22, 29, 30). Subtest 22 asks the patient to make an estimate or approximation of the result of a written calculation without actually performing the operation. The purpose of this task is to investigate the performance of these subjects in activities that more closely resemble those of daily life. The same purpose applies to subtest C29, in which weight, height, and quantity estimates are required, and subtest C30, in which the task is to semantically interpret numbers in contextual situations. These tasks involve abstract calculations, numerical inferences, estimations of numerical magnitude, and previous numerical knowledge 23 . Magnitude judgment seems to use the same storage systems as visuospatial information and requires attentional resources that also seem to be involved in encoding this type of information; this appears to be compromised in the aphasic population 24, 25 . Our results thus suggest that mathematical skill impairment in aphasic individuals goes beyond performing arithmetic calculations and that this group thus cannot adequately perform simple daily living activities.
As expected, all transcoding tests (C9, C10, C11, C12, C13, C14, and C15) showed the greatest differences between the groups (Table 2) .
Numerical transcoding ability depends on a central component that performs all transcoding and calculations 26 . For numerical comprehension or calculations, mechanisms are necessary to translate numerical inputs, whether in orthographic, numeric, or oral form. Moreover, numerical proction mechanisms have implications that require translation and abstract representations of the appropriate forms of output for each notation system (oral, orthographic, or numeric). To complete this process, a distinction must also be made between lexical and syntactic numerical processing, in which a series of oral, orthographic, and numeric transformations are performed in numeric comprehension.
During the transcoding tests in this study, lexical and syntactical errors were observed in most cases, and misspellings and omissions were noted in all types of aphasia. A relationship was observed between language and mathematics for all tasks involving language and arithmetic skills, such as transcoding tests.
Attention should also be paid to developmental factors and syntactic and phonological error patterns in the Portuguese language to verify whether the process of transcoding between different number representations has language-specific idiosyncrasies 27 .
Transcoding requires a numerical understanding of mechanisms within an abstract internal representation, which is translated as producing mechanisms that are written in Arabic numerals, spoken, or written in words, mainly in the Portuguese language. Considering the many skills involved in this process, patients with brain injuries are very likely to encounter major difficulties, as numerical transcoding ability is central to the discussion of the relationship between language and mathematics and seems to be a skill that combines both mathematical and linguistic components. Based on this assumption, emissive changes-including paraphasias, anomic behavior, reduction, agrammatism, and perseverations that may be present in most aphasics-could interfere with calculation skills. With the exception of the distinction between syntactic and lexical mechanisms of aphasic subjects, McCloskey's model 26 can easily account for the transcoding deficit because access to the Arabic component is mediated using unique semantics, independent of the input code. This theoretical framework also assumes a three-phase processing mechanism: the first phase involves transcoding Arabic numerals to their verbal forms, the second phase transcodes from verbal to orthographic, and the third phase transcodes from orthographic to Arabic. These steps also involve developing a semantic representation of input mechanisms. We might first suppose that a deficit related to inbound access to the verbal orthographic component could lead to problems in reading aloud and verbal comprehension tasks. A deficit related to access to the Arabic production component would then lead to a similar performance level, regardless of the verbal input code. In this study, we observed that aphasics had greater difficulty in orthographic transcoding, i.e., they recognized the Arabic numeral in most cases, but when they were required to convert such a numeral to an orthographic form, they failed. This finding confirms McCloskey's model 26 , in which the response is independent of the input code and the syntactic and lexical potential of the subject being assessed.
The present study should be interpreted in the light of some limitations: the question of whether numerical and language systems are dependent or independent remains unclear and must be investigated in further studies.
In conclusion, individuals with aphasia have more difficulty in carrying out tasks involving number processing and calculation than healthy subjects of the same age and education level.
